Abstract Target molecule Treatment (TMT) have emerged as the primary treatment in metastatic renal cell carcinoma. Majority of the patients in pivot trials were post nephrectomy cases. The benefit of cytoreductive nephrectomy in the era of TMT is debated. The role of these molecules in the adjuvant settings and in neo adjuvant/pre surgical role has evoked interest. In this review the different molecules used in the treatment of metastatic renal cancer and its effect on the primary renal tumour is discussed. Information available in the public domain about the presurgical/ neoadjuvant targeted molecular treatment (TMT) is reviewed to understand the benefits and adverse effects of this modality of treatment. Sunitinib and sorafenib are the most commonly used and effective molecules in the neo adjuvant/re surgical treatment of renal cell carcinoma . Bevacizumab is less effective and has more chance of surgical complications in these settings mainly due to poor wound healing secondary to prolonged wash off period . The patent and the surgeon should be aware of the unpredictability and possible adverse effects before advising these molecule pre operatively. The response of the primary renal tumour to the target molecule is different from that of the metastatic tumour. The side effects of the molecules and its effect on the peri operative morbidity and mortality should also be considered when we advise these molecules as pre surgical/neo adjuvant treatment.
Introduction
Death rates for kidney cancer have been reducing in women by 0.6% per year since 1992 and in men by 1.5% since 2002. This is probably due to the diagnosis of more of early stage cancer. [1] Better knowledge about the renal cancer biology has resulted in the development of new targeted molecules for the treatment of metastatic renal cell carcinoma (mRCC) [2, 3] . Last decade showed a revolutionary advancement in the treatment of metastatic renal cell carcinoma where there was only a limited option earlier. These target molecules have brought up a fresh enthusiasm over the clinical and research fields in the treatment of metastatic renal cell carcinoma even though it is very unlikely that it has made any impact in the cancer mortality.
Targeted Molecules in Advanced Renal Cell Cancer
Two main pathways are utilised in the development of targeted molecular treatment (TMT) of renal cell carcinoma, namely hypoxia-induced pathway which is best utilised in clear cell carcinoma (Bevacizumab, Sunitinib, Sorafenib, Pazopanib, Erlotinib, tivozanib, lapatinib, Tavozanib) [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] and Mammalian target of rapamycin (mTOR)pathway in poor risk tumours (eg:Temsirolimus, Evorolimus [2, 14, 15] . The pivot trials of the important molecules are given in Table 1 . Sunitinib and Bevacizumab with interferon alfa (IFN α) were the initial molecules that has showed to be effective as the first line management of mRCC [4] [5] [6] [7] followed by pazopanib [8] . Sorafenib was found to be useful as second line [9] . The results of the recently concluded phase III trial showed significant objective response for Axetinib over Sorafenib when used as second line treatment [10] . Temsirolimus is the most promising molecule for poor prognosis mRCC [14] and evorolimus is studied in patient population who showed progression with other vascular endocthelial growth factor receptor (VEGFR) inhibitors [15] . Combination therapy with different molecules is tried. Sorafenib followed by sunitinib showed some benefit in Progression free survival (PFS), but that of bevacizumab with temsirolimus caused increase in toxicity [16, 17] .
Cytoreductive Nephrectomy with TMT
Majority of the patients recruited in major trials of TMT had undergone nephrectomy prior to the treatment [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Even though cytoreductive nephrectomy has shown benefit in the cytokine era, its role now with targeted molecule has invited a lot of discussion [18, 19] . A recent retrospective analysis showed better outcome with cytoreductive nephrectomy group [20] . Currently two trials are ongoing for the assessment of the usefulness of adjuvant nephrectomy in mRCC [21, 22] .
Adjuvant TMT
Targeted molecules are used in adjuvant, neoadjuvant and pre-surgical settings. In the adjuvant settings, the patients with poor risk categories who may have higher chance of local recurrence and micro metastasis is recruited and treated with TMT after nephrectomy. Assure trial (ECOG 2805) was designed to recruit potentially curable patients at the highest risk for recurrence based on existing postoperative nomograms. Either Sunitinib or sorafenib is given to the patients for 1 year and recurrence free survival assessed [23] . S-TRAC and Sorce trial are the other major trials on adjuvant settings that are recruiting patients [24, 25] . The role of adjuvant pazopanib is also being evaluated in renal cancer [26] .These trials will give information about the role of the molecules in non metastatic settings.
Neo Adjuvant/Pre Surgical Treatment of Renal Tumour
A clear cut differentiation in the terms, pre surgical and neo adjuvant treatment is not available at present and are used interchangeably. The improved response rate with the new targeted molecules compared with cytokines has evoked interest in using these agents pre operatively. Whether this will transform in improvement of the disease specific survival is the question to be answered [36] . Neo adjuvant treatment with TMT is used in metastatic renal cancer if the primary tumour is large and locally advanced so that the risk of nephrectomy is high or if the surgery is deferred due to the preference of the surgeons or patients or for a clinical study. It may be used in locally advanced tumour to reduce the operative morbidity Neo adjuvant targeted therapy can be used with following benefits: 1) To reduce the tumour size to make it more amenable to surgery [27] [28] [29] . 2) To make the tumour amenable to laparoscopic and nephron sparing approaches [28, 29] 3) To improve survival by acting against the micro metastasis and chance of local recurrence in poor prognostic tumours like any other neo adjuvant treatment. [20, 44] . 6) To avoid delay in the treatment against clinically active metastasis. 7) for future research by availing tissue to study the effect of medicine in the tumour [25] Pre surgical/neoadjuvant TMT is used commonly in following conditions. 1) Locally advanced tumours to make the resection possible [25, 26] 2) Mass having large encasing lymph nodes around the hilum where it is difficult to access the renal vessels [46] 3) IVC thrombus [32, 33, 43] 4) In Bilateral or tumours, in solitary kidney and sub normal renal function patients to avoid a renal replacement therapy by possible NSS by size reduction [30, 31] .
At present there is no guideline for neo adjuvant TMT in m RCC or locally advanced renal tumours. We should take into consideration the adverse aspects of the treatment before we suggest the neo adjuvant TMT treatment.
1) The response of the primary tumour is unpredictable and may not alter the course of the surgery except in a few cases [34, 36, 43] .
2) The adverse effects of the drug can be severe and may need its withdrawal and even postponement of surgery [40, 44] 3) It can cause delayed wound healing, thrombo-embolism, and haemorrhage [30, 36, 40, 44, 45 ].
4) The financial implications with respect to the limited benefit

Response of Renal Tumour to TMT
In the pivotal studies, majority of the patients who had targeted molecule treatment had pre treatment nephrectomy [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] .As a result; there is lack of large volume data on the response of the primary tumour to these agents on metastatic set up. Also the degree of response may be different in locally advanced RCC and on the primary tumour of a mRCC [36] . Knowledge of this aspect of tumour response is important to plan pre surgical targeted treatment both in metastatic and in locally advanced tumours. There is report of complete radiological and histological regression of tumour with Sunitinib but the response is very unpredictable [41] . Even though the partial response with Sunitinib in the major trial was 31%, such a response is not seen on the primary tumour or in locally advanced renal tumours with the same agent [4, 36, 43, 46] . The RECIST criteria used in the evaluation of metastatic tumour may not be dependable to assess the response of the primary tumour to the treatment [49] .
The response of the renal tumour to the targeted molecular treatments studied in metastatic and in non metastatic settings ( Table 2) .
The reduction in renal tumour size can make the surgery less morbid. In bilateral tumours and in tumours of solitary kidney, this can be very useful by making the tumour amenable to nephron sparing surgery [31] . Silberstein et al. in an analysis of 12 patients with two bilateral tumours, found that they could plan nephron sparing surgery for all of the patients after pre surgical therapy with TMT .There was median tumour reduction of 1.5 cm (21.1%). Three patients had delayed urine leak [30] .
Abel et al. did retrospective analysis of 168 patients with metastatic RCC,who underwent treatment with targeted molecules with the primary tumour in situ it was found that the median maximum tumour response was −7.1% (range −14.1 to −0.1%). Analysis of patients who had multiple radiological evaluation(n:61) it was found that if the response at 60 days of treatment was less than 10% the median maximum response at 154 days was −7.5% compared to 24.5% in patients who had >10% response at 60 days. In this analysis they included patients who were treated with different molecules. Maximum number of patients had treatment with Sunitinib and bevacizumab +/_ erlotinib. Sunitinib(n:75), Erlotinib with bevacizumab(n:25) and pazopenib(n:1) showed tumour response more than 10% . Bevacizumab showed the minimum response median percentage change 0.1%, n 25). Majority of these patients were part of various trials [36] . The same group analysed the data of consecutive 75 patients who had treatment with Sunitinib with tumour in situ with a median follow up of 15 months. They found that if the response was >10% in 60 days of treatment which they called early minor response, then the response was 36.4% compared to the overall response of 10.2% of the group. On multivariate analysis, early minor response was an independent predictor of improved OS (HR: 0.26; p=0.031). Other significant predictors included venous thrombus, multiple bone metastases, lactate dehydrogenase above the upper limit of normal, symptoms at presentation, and more than two metastatic sites [42] .
Sorafenib was also evaluated in pre surgical settings. In a pilot study by Cowey et al. the medial response of the primary tumour was 9.6% with a reduction of median diameter from 8.7 to 7.9 cm. Six patients had minimal increase of tumour size. In four patients there were down staging of tumour [37] .
The response of the tumour may be different in different tumour types and the tumour may grow in spite of the treatment [50] . Early recognition of the most suitable agent is important. Histopathology, VEGFR expression, in vitro assessment of the tumour response etc. also may have a role in deciding the optimal agent for neo adjuvant treatment [51] .
The Carmena trial which is meant to analyse the role of nephrectomy with Sunitinib and the EORTC (SURTIME Trial) which analyse the timing of nephrectomy with Sunitinib will give more information about the response of the primary tumour to neo adjuvant TKI [21, 22] .
Neo Adjuvant TMT in IVC Thrombus
The complication rates of surgery in renal tumour with IVC thrombus ranges from 12.4% to 46.9% in patients with level 0-IV tumour thrombi [47] . The reduction in size of the tumour thrombus can cause a reduction in the complication rate. The impact of TMT on the level of renal cell carcinoma vena cava tumour thrombus was studied in a large retrospective analysis by Cost et al. Out of 25 patients, seven had level 3 or 4 IVC thrombus. One patient (4%) had increase and three patients had decrease (12%) in the level of thrombus. All the patients who had reduction in the level of thrombus were treated with Sunitinib. Only in one patient this reduction of level caused any impact on the surgical approach (Level 4 to 3). 21(84%) had stable level. the median reduction was 1.5 cm which may not have an impact on the treatment [43] . Majority of information in literature are case reports of one or two cases [32, 33] .Patients and surgeons should be aware that although regression of IVC thrombus is reported, it is rare and occasionally the tumour can even grow in spite of the TMT [34, 43] .
TMT can cause reduction in angiogenesis and vascularity of the tumour. Hellenthal et al. showed a decreased contrast enhancement in CT density after sunitinib treatment in 15 of 20 tumours (75%). They suggested that this should be considered as an additional criteria for tumour response [38] .This observation is reported with sorafenib also [37] . Kondo et al. observed one major and three minor complications after neo adjuvant treatment mainly haemorrhage [39] . Whether the reduction in size of tumour (1-1.5 cm) and vascularity cause any relative reduction in perioperative complication remains to be answered [36, 43] .
Choice of Neo Adjuvant TMT
The optimal agent should be decided considering the response of the tumour, side effects and wash off period required before surgery. The same standard dosage of the medicines in mRCC was used in the neo adjuvant treatment also. Duration is varied from 3 months to more than 1 year [39] . It may be prudent to assess the initial response of the tumour and to give further treatment with the agent only if the response is >10%in the initial 60 days. Even through the duration of pre surgical treatment is not standardised and varied from 2 months to more than 1 year, prescribing the treatment for 5-6 months may cause significant reduction in the tumour if the primary response is good [36, 42] . Sunitinib is the most potent agent which showed the maximum response in neo adjuvant treatment. It caused the maximum reduction in the tumour size and the regression of tumour thrombus [36, 42, 43] . Sorafenib also has given good response on the primary tumour with an additional benefit of minimal peri-operative morbidity [35] . Bevacizumab had the least response [36, 43] . The use of bevacizumab was associated with poor wound healing in 3 out of 52 patients [40] . In a meta-analysis, the incidences of venous thromboembolism among those patients receiving bevacizumab were 11.9% among which 6.3% were high grade particularly of importance if surgery is being planned [45] . Withholding targeted therapy for at least 2 or 3 halflives before and after surgery may help prevent the adverse effects of these agents on microvasculature and tissue integrity. Sorafenib has the least wash off period as the half life is very short (25 to 48 h) compared to Sunitinib (80 to 110 h) and bevacizumab (11 to 50 days). Also sorafenib may be better tolerated in elderly [48] . Surgery can be undertaken within 3 days of discontinuing the medicine in Sorafenib compared to around 1 week for Sunitinib and further longer in bevacizumab [27, 39, 44] .
Conclusion
The response of the primary tumour to the targeted molecular treatment is unpredictable and relatively less compared to the metastatic tumour. Maximum response is reported with sunitinib and sorafenib. If the tumour response is not significant within two months, it is very unlikely to be effective later and is found to be an important prognostic factor in a retrospective analysis. Even though there are case reports of regression of IVC thrombus with TMT, this response may not be significant surgically in majority. Pre surgical/neo adjuvant TMT can cause increased morbidity due to delayed wound healing apart from its specific adverse effects. . The surgeon and the patient must be aware about the possible unpredictable response of the tumour to the targeted medical treatment and the problems and side effects associated with the targeted molecules before it is advised. The trials planned to study the effect of adjuvant TMT and role of nephrectomy with TMT may throw more light on the response of tumour to the molecules. All the present studies are either retrospective analysis or case reports. Prospective studies are required in the neo adjuvant settings to throw more light into these aspects.
